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(54)Title: NITRIDE SEMICONDUCTOR LASER ELEMENT 



(57) Abstract 

A nitride semiconductor laser 
element enhanced in transverse-mode 
stability and service life characteristics at 
a high output so as to be available as a 
light source for reading from and writing 
to a large-capacity medium, the element 
comprising an active layer, a p-side clad 
layer and a p-side contact layer, all 
laminated in that order, wherein a 
stripe-like waveguide area is formed by 
etching from the p-side contact layer side, 
which area has a width of 1 to 3 fun and a 
depth extending from below a position 
where the film thickness of the p-side 
clad layer is 0.1 ^m to above a luminous 
layer. Specially, a nitride 

semiconductor laser element improved in 
an aspect ratio in a far-field pattern, 
wherein a p-side optical guide layer has a 
stripe-like projection, a p-type nitride 
semiconductor layer overlies the 
projection, and the p-side optical guide 
tayei's projection has a fibn thickness of 
up to 1 ^m, the p-side optical guide layer 
_!^[?8„characterized by_being, larger in 
film thickness than an n-side optical guide layer. 
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*7K¥«l*-K©«!ll»fc'»fC/^<. t$3|5t::tt-<X, F. F. P. -CO y :^r^03fe 
(^12:^5 «3 355jj|i;t?)ixfcrt-C. ^5feoJ:5/jJSii[^[«iH:iM¥Lfc7r-- ^w'- 
)t:</-r K®;5S n mit:^^ h'M X 9 mmi)^m ^^tV. F . F . P . {C^stt -5 x 

N (0<d^l) t^hfl^. *f^L<{4d;6SO. ieA±.0. 5£AT. 

L < 140 . 3 5 £tT<7)«SBBJi»;rt-S(^;5s;; v>„ ;js«8q{j:43tt5je 1 ^' 7 y KJi 

* pmmi^'^^y ym±i^<Dmmn. i o h p i o o o 
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«IB«r^mA«I{::5li¥$-e:5r i;JS't?tS;65, A 1 Ga N®«A 1 Sr^*/J^l^S^^; 
5fcJ?){J:. 1 0 00;*-:/i5^^hP-A£iT, ^f*L< 114 O 0;*->^7i hn-i. 

*^pS0i^7S' K®OMg«z)K— i/Sfi, 1X1 o*Vcm»~i XI 0 

»$ix> it«6<J»V>®^fc5pM;<;'< KMl^Mg^i X lo^'/cm^'-ixi 

r 5fc^3f|^SUc:*JVNr« pM0 1 ^ 7 y KStt. A 1 . 0 a . N;&> 

t>)!e5mi<^pMS^k#|ift^(*:^i:, ^(^±{J:A l,Ga,.,Nd^P>/£5m2(?5p 

#^©A 1 m^it\m\z.Wi^^i(\,^ >t>o-C«/j;v\ Ld»L. A 1 . G a 
,-.N®T^$tb5«10pMS^bl5riN*l*:SI::*JV>TW. AlS*ifcatt. 0 

^-tirSfcfeJ::!!, 0*L< tta >0(75A 1 .G a,..N^tt--5^, ^^l^ifeif^fls 
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mi^mtfi. m-^DmfSi. -r>fct5*>a = bi"t-6rt;JSif?*L<. r<7>J:55fe^ 

10 f(ii(opmmm^ms fH2<7)pmmm^i*imo^^^\z-o 

20 $ btJi. IB 1 o p t ^ 2 w p Mli{k«i¥^«:Ji©fi£gi^05# 

^2<Dpmmim^mmt^n^i::t7±yh<Dm^^^^mt-r*^. 
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V n - A<^)«£Bi, m 2 <z) p mmm^wmk^ 10-300 h » - 
« 1 o p sa<t:i&2(t3>«ESSr 10-30 k(o$m. m2<Dp mmt^im^i^m^ 

1 0-1 0 0A:*-vr:^ hn-J^<D^m\m^^:iti)^^^i:Lttf-t.L\^\ 

fftto. 1-0. 0 7 ^mt'TiiZttm'^Li. ^(09m(Dimi^-r^tL^ 

iXlO's/cm'-lXlO'Vcm' 0«£BB-CM g ;&S^W**T.5„ 
!t^mmP^iZ±^y hL, mm^5 0 0X:iZLX. V^) ^^)\^-fS ^) ^ (TMG) , 

r>^^r (NH,) Srffi^^, Ga nJ: i9/jjS/>*s'7rJiSr2 0 oAwJK^-Cfife 
(T«&Jg) 4) 
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i^mmi(0±iL, 1 0 5 0*C-CS i Sr3 X 1 O'Vcm' K— a N J; tSj 

7 s/^' Kits 6) 

TMG. TMI ( Ky;<f^/Wi/t^'^7A) , T>'^=:TSrffll/^, 
8 0 CCJZlLr I n. o.Gao. ..N J: 19 /jiSiJ' 7 5/^15-11:^6 S:0, 1 5 fim<D 

iSSV^T. 10 50'CTTMA ( h y ;?«5^/WT/l'^ = 5'iN) ^ TMG, Ti^^=^ 
T«:fflV\ ri^K->^A I o.,.Gao..,Nj;9;fe5S^2 5 A(Dmm•V^^^^t^ 
J^V^TTMASrlkftT. i^7>':!^;^Sr»gL. S i ^1 X l 0 "/cm» K-^Lfc 
nSGaNJ:<9*5®Sr2 5A(^)gU?-e^S$-a:5„ ^HbOSSr^SLidifil® L 

^l^T. '>7i^;</>^^ihii:), 1 0 5 0t:TT>K-7°GaNj;i9/.f5nm;?/ 
8 ^ 0 . 1 M m<7)8g^-Cfig;B $ -tirSo ^ <^ n m)t1^>{ YM 8 li n M^i|«<t& 

jaf£Sr8 OOTCtZlL-t. S i K->^I nc.o,Ga,.„NJ:0;fe5I^S® 
^1 0 OAOlii/?-eB£:g^-tir. i^V^XI^-SS■T?, Ti^ K-:^ I n,. ,G a .N 

St. flrS^lcp$M®-C|i^i3«9. «»Kff3 8 0A©#fi»^^#F«it (MQW) 

K-rT'fS .i:Bi«[;65i£T L^v^„ 
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(piB^iriy:/)!! o) 

ia««r 1 0 5 O'CtCjztf , TMG. TMA. T>^=^T. Cp,Mg 

K=Sj*ir5/y3:;^/WdEi-^S;*C^V%^ Mg^Tl X 1 0"/cm» K-^LfcpteiA 1 o. , 
Gao.,Nj;>?«:Spffil|=3f-i"y^®7«:3 0 0A05lg|)p-efife:gS-fr6. 
(pffil3t:«f>f KJil 1) 

dSpftil:^-^'^;:/"® 1 0 J;i9t>/h$i/\ T> K-:/G a N J; 0 pm:«^>< 
(piBlJi5'7 5' KJgl 2) 

^V^T. 1 0 5 0 t-CTV K-^A 1 .. ..G a 0. ..N J: 0 ;!e5® S: 2 5 A(Om 

«r2 5A(D)^Tfi£S$-fr, i^J^O. 6/xmO®«&^gJ;^)/j;5pffl!li5'7 5^K 
® 1 2 ^figg^-frSo p iM^J' y y Kaii{j^;5j < t t~*-;iSA 1 %^«>^<k%¥« 

LT^j^VNe iJ' y h^m 1 2f±, A 1 ^lr^tf^<bi^i|i#(4il. L< «A 1 x 

Ga...N (o<x<i) ^^t^mi^^mmt-r^:Ltim^L<. 

<ttGaNtAlGaNt =lrS(® Lfc^^^flfigtfSo pIBI^ 7 5/ KJB 1 2 Sr 

(p<IS3>'^'^ KJil 3) 

10 5 Ot:T. pffill^ 9 KS 9 Mg Sr l X l O "/cm» K 
-rLfepi!GaNJ:*)>Jt5p{BS=ii/i5'i5' h®i 3^&i 5 0 Ao®Sf:-efigft 
5o P«!)=':^^5'i5'l>eiipM<^In,AUGa..x.vN (O^X. O^Y, X+Y^ 
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1) -^^fift-tS^lt^JTt. »*L<ttMgS:K-yLfcGaNi:-t-H«. 
CS;J?i4>r ;^->^s/^Vi/) S:ffiv>s i c I .^:^iLX*)^^y'f-yir\^, Fig. 

•fx Fig. 3 Aic^-r J: 5 {-^ m±M<opm=i>^^ hmi 3<om&±mic, 

PVD^g{Cj:l3. Siifefkig, (EfeirLT, Si02) J:t)/jJS01OD^feg|JK6 
1 Sr 0 . 5 m<0|||^T?^^ L/t^. ^ 1 <D^m 6 1 (^±ic:B/f3t<??fl^^(^-vx^ 

^tw. Fig. 3BiZff:-rXo\m3(D^mme3m^^. RIE (SJ£14^ 

:^i5^IRl?«lSLT7:i-hUi;^^N<^;^^SrK^*i-Sr<i:JcJ;f), Fig. SCt^Tj^ 

^blc. Fig. 3D{c^-t-J:p|^, ^^7^::^(7?|KlO«alg6 IJ^^g^, 
MRiEj;:j:i3S i c l ,;/;<^fflVNT. pm^^^^^ h®i 3. *3J:t/pffi!l 

^^oi-yNSrPVDlgttfCl^i^U Fig. SEtd;^ 



wo 00/52796 PCr/JFOO/01308 

35 

■fipiJ:. Zrmim (i^LTZrO,) J: «9 /^Sf^ 2 0»il|g6 2 Sr. ^1 

0 01C£1±, ^?4L<H:4 0 0'ClJi±, ^^t:«|2|^«J(D5>«®af£tT (12 0 
dal^, ^>^~^^^:7 5/gJ{c:^^gL. Fig. 3 f {c^-r J; 5 {Ji, m i oiStglSI 

^2 0^«-r5„ mLp®^2 OJtl 0 0 MmO>^ LX, 

j^^-t<fcpjc, m2<7>^mm6 2(D±imoxm^-t^o m2(mwim^t&^^ 
mi^^mmeA^mntc^. p, nm«i±{^Ni-Ti-Au (ioooa-i 

OO0A-8OOOA) J:9*5I&l9aiL i^<^yh) WSi2 2, 2 3^^MH 

-4^^{;i^§iu mmm ( (i i~oo) fg, 7^;^i,5^(Z)ffi!i®i;i;|e^'rsffi=M 

IKSr?^^L, a^{J:pSfe{;:W*;&^i«jT. ^<-^mmLXF i g. 1 ic^J: 
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t(omm-^mtim\i^mrztz.^. Fig. 5 ict^-t j: 5 {j:. smwiLxt 

<^#®;5»b> pffid^^^'^' h«:^[R|(c:o. l m m(^<aBi:'5J5^^$TilS)Sii:£il 
M-WJj^^ Fig. 5 o 1 0 2 JJi^j: 5 Jc, ^fctS!W^ev^3fcm;^T«:|ll& 

^ft«i|2Jitt:-<T«*-K(^^^14W:a$f/j^fcO-C*bofc„ *fc. ^ 
^^^i^t::ov>T«, 1 2 t wmz. 5 mWC9ta:^-Ctt, 1 

5 fc(^T*> 19 . 3 0 mWlc-ov^T feUfiS^J 1 \z.^-<x^(om^\'i/>ni\,^^^a>(i>. 
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mmit^F i g. 6K?frto F i g. imm3<Dmwm 

Fig. rm^Srf^Lfeo 

mmm4\zis\,^x. ^■y^i^vm^i^, 0. .2/zin<z)<s:gt/jr6igi$T*)5r 
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[Jtt{E0i|3] 

6|C;Tvr„ Fig. 7 010. 5 mW(0^f|:T*> "9 . ^<kjiflfd5^^5 

±x<Dm^i^^:>^iri^±Lx^^fto 

*>5o SkT. c:<^BI*S^?l|ll£ifiJ7{c-^V^TgiM-r5„ 
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m&tLX. (0 0 0 1) Cffi^iffit-r5f-77>('rS:K«rfflV^/co roi^, 

T (iifdSCgf, Rffi, Affi) <7){til, S i C, ZnO. ^t'^yU (MgAlaO 
J . GaAs^, '^^^:^B5¥^^^£S:fiKfi$•«:5fcft^^:^DP>nTV^6, 

(>'^5'7TJil 0 2) 

ESfS^^SIl^Jti-fey h L. iaS«r5 0 O'CJCLT, W ^'f-A^-fJ^J^J^ (tM 
G) , T'y^:^T (NH,) *fflv>, G a N J: 9 ;5:5^<S' ^rSSr 2 0 0 A<ojg| 

(TldlSl 0 3) 

/■^5/:7 7'^j^^^^ iaSSri 0 5 OtldLT, TMG, T:/^=:T$rfflV\ T 
K-T'G a N J; 0 /j:5T«&® ioz^Ah moi^-c^6$-^5, cojiitt, 

flsSig 1 0 1 <75±{;i, lOSO-C-CS i€:3Xl 0"/ciii»K-7'LfcGaNi 
i^y-y^^^mi 0 5) 

^^ctd. TMG. TMI (hyptf^/u-r^i^f^i^) , T>^-rS:fflv\ iS^Sr 
SOOtjrLTI no o.Gao..«Nj;«J/iS:;r^5;^g5jtgl 0 5*0. 1 5 m 

(nffi!|^7S' Vmi 0 6) 

I^V>T. 1 0 50'C-CTMA ( h U 7«^/VT/P^ = (>iN) , TMG, TV^i^ 
i^v>-CTMA*ihfeT, i^7>':^;^«rgtcL. s i Sri X i 0"/cin» K-:;'L^ 
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n SG a N i ») /£5g^ 2 5 AO|^-CfigS$*5o ttlh<om^^izJSm L 
Xm^^m^m^ l . 2 « mO^^^ J; ^) /^-S n 7 5' 1 0 e 

(n«;)(f^ Kgl 0 7) 

m^X. i^7l^^:^^±1b^ 1 0 5 0«CTT>'K-7'GaNJ:«!)/i5niR!l3fe^ 
0 8) 

<5>:(C. MSSrSOO'CJ^LT, Si K-:/I ii..„.Ga,...Ni:*J)te5|StM 

J: 9 ife5#FSSr 4 0 A<Z)IKff-e^S ^-tirSa t S: 2 Hl^fSieigf 

i!gJK^3 8 0Ao#mSi^#F#lii (MQW) 

(pflU'^iryT'® 1 0 9) 

MSrl 0 50t:(^±tf, TMG. TMA. T>'^^T. Cp^Mg 

h'^^ '■yzf:^^/^^—^^^^],^^ Mg?rl X 1 0"/ciii" K-rLf::pS!A I 
Ga,.rNJ:«5;5;5pfl«):^rir>:y::^® 1 0 9S:3 0 0 A<3D)OTT^g$ii:S„ 
(pm^if^ Vmi 1 0) 

i^V>rCp,Mg, TMA^Jti?), 1 0 5 OIC-C. ^^^^ K^i- 5/7"3l;^;/^d{^-- 
;^|5pffifl:^r-\'5/>^^l 0 J;i9 t/h^V\ T:/K-y^GaNj;«3/j:§p(ffl^;(f^ 
llO^rO. 2/im«Z)lWCfifc^$-a:5„ 
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(pOfl^^jy KJil 1 1) 

^V^T, 10 5 O-CTT:^ K-:7'A l o. ..G a .. ,.NX ^ t^i^m^ 2 5 k(Dm 
I^-C^ft^-fr. ^V^-CCp,Mg, TMAtr±*, Ti^ K-^G a NJ: 9 
^25 AoliHTfieS^-fr. 0 . 6 mOS^^^g J: ij pffifl^ 7 K 

Sill SrfSg$-^5, pm^yy Kgtt6!?/jr< ^ t-;^;is A I ^t^mm^ 

^LTt>Av\ 7 5y 1 1 1 tt, A 1 ii^t^mtm^Pfim. L< KA 
ixGa.-xN (0<X<1) S:^tfS*&^«iti:-t-5i:t;isS*t<. $^>tc:*f 
*L<f±GaNi:AlGaNi: tfcj@t&^#f it ^ -rSo P««t5' 7 Kii 1 

1 1 ^im^Frnmb-r^ r ir^-tox, ^ s/ k^^asc^a i u^\ic^±\f^^ 

(p<B9=i:/^^ h@i 1 2) 

1 0 50t:T, pOil^^^;/ KMl 1 1(^±{C:, Mg^l X 1 0"/cm 
'K->^LfcpSGaNJ:9^iSp«i|=i>iJ'^' hPl 1 2Srl 5 0 Afl?JKJ|[-Cfig 
^^HirSo pffi!l='i^^iJ' h««pSOI n,AlvGa.-x-vN (O^X. 0 ^Y. X 
+Y^1) 'Vm^Z:Ltiti-^^. »*t<llMgSrK-7'LfcGaNi:-nv«, 

pwm2 0 t§cii0^L\>^:i--^ y^mmimhfiZo ='i^-^^ hmi 1 21*^ 
^^m^-t^m-^h^<Dx. 1x10 "/cm»ijA±(^iti=¥i' y Tgsir-rs ;i t 

«±«(^pafl3i/ij'^ bsto^ffijcs i o^x'ofi^^mm^MLx. r i e 

(R!t^^>f :ty3isy^iy^ S^fflv^s i c 1 4;{f;^{i:J: •j^i.^f^^^^L, Fig. 
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vDmmi^a*), s isWblfe (^tLT, s io.) HK^^zmioy^mf^ie 

1^0. 5(1 m<Dmi^-^M^ Ltc^, m 1 (D^mm i e i <D±\zm^(om'^<o'7 

Sv\ «»j;t«s \ m.^m (s io,Sr-g"tp) . 7;*- h ue;^^ Mfa5^v>e)tt, m 

Fig. \9B\z.7Tcrsi^{zm^(r>^tmiQ3m^m.s rie 

t4w':^-:/^5'^v^) ^m^J:'?. c¥ ,i}7.-^m^^. m 3 o^^iU^ l 6 3 ^-v 

=^y'f->rmv9m\.xy:th\^'J:^V<D7i~^\^^'ti>^t\^^^. Fig. 1 
9C{::^-rj;5l-pffi!l3 v^f^ hgi i 2(0±fr:^ h7'r::^ifi2 Mm<D|gi (^fii 

^h\z.. Fig. 1 9D{;i^i-J;^{^, ^ h7'i':/:t^«D||i<D^il)|gl 6 1 
MR I EtCj:9 S i C 1 ,;^/X^fflV^T, p«!)=ii^^^ h^i i 2, *J 
i^XI-vm^yyYmi 1 1, pm:*^'^ Kgl l o^^y'f-i^^X.X. pU^^fS 
^ K^roaiy^i^^r^jxfc^ige (^WSaJJEi^l-wffitt) lc*3tt5IRI9;J5 1 0 0 0 A 

y yi?:^ h^'TTl^^^. e'3i-^>SrPVD^jllc:^i^U Fig. iSElc 
7r<t^b\z-. 7.rmcm (itLTZrO,) J; «5 ^j^Sfg 2 6 2 Sr. 
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V, Zr. Nb. Hf . Ta j:«j/iS^^^f>ii^$nfc'>;5:<it,-ao5^m* 
^tfgf^bife, s i N. BN. s i A 1 N<7)i^w{j>/£< ir t>— STJ^^-fS 

i;iSS*L<. ^-«>tti-et> Z r , Hf<Dm<m. BN, S i CS^ffiV^5ii;^J# 

a«^LfeSafB7ci*|(DPVD. CVD\CX^SStim. BN. S i C. Al NI±S i 

Fig. 1 9E|C;TrfJ;5{::xh7>f7^IS(^{B!jffi, ^<?5y^ h^-fT' 
<!:, Fig. 1 9F\C7jkirXo^£. ^^mzl(tLX!mi%i^~fj:f^2a>^mmi 6 

ox:) x^mtm'ti>zi:izxy). M2<oummitmi(o^mm<ommn {y^y 

?>3i-^NSr7 5'S!Jj:g^u Fig. l 9 F J; 7 iJi, ^ i oDfi^gl 
»:lcFig. 1 SGtc^-Ti^jc, pm=^:^^i^ >mi 1 2(D±<Dmi(D^ 
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spmtel 2o^m^^o is.Lpmmi 2o»ti oo dmoy^vy^ymtL 
n^^mmiGA^mnz.^. p, nm^±{c:Ni-Ti-Au (ioooa- 

1 0 00A-8 000A) i^J^^a^l^aiL mkl 22, 1 2 3Sr-?: 

-<^tJ-^WU ^§1® ( (11-0 0) m. A:^fH^(^>il!JiEjJc^^i-5®=M 
^^Sr?l^^t. aS^^-pm«^c5j^^7J5^;^faI•C, ^^-^r^HfLXF i g. 1 7}::^ 

^T^^^VLX. mm.XU-'^^m^U^r:it:i^. |gJilK5400-4 20n 
m, L€^V^^»6^g 2 . 9 k A/cmM^l*^l/^T^— -gl^— KTO^^Mil^lg 
J6S:^L;rc, u—tf^OF. P. p. 5:a!|;£Lfcir6, *5p;^l«rn?l 5 

mmm(r>^wm'ir'-h'(Dmmt:m^Lxi3y) , f. f. p. (D7^w-:^j^ni 
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sttesr»5tfi^)t:«/>r h'm-vm^^timm.^<Dm-(omm7iK 4 5 0 0 a^^ 

L, K^<^J^mdW< tec: t iz^ W{Zpm^:ff4 mifm< /jiofcr t 

y^(Dmm^. 3000, 3500, 40 ooAtf$-< l/c 
mommn. »*L<tt3 500 AeiT^-rsr^-efe^. 5{;^$f^L<ii25 

ooA£tTiri-5::.t-c. m^£\^—i'yt7!)mhn. ^oi6««N4t)+^/jrt>(D 
KS©JRm«:l 5 0 0 Ai-rStett> I^JMI«»|7 ilBI«lcLT. 

^WSl5«iii$S:5 ooA. ■r/jJi?:^). ^y^>'rtJ:J:«!)^W«asS:J^^SBI<J53: 
yf">'iJ^^$Srpilll)fe;«/^ K®©li®9;6S5 o 0 Air^saS^T:?^ 

if^^c^BKemtiglis ^i6M7<^^H{cJt-<TTdS'5liip](cfcV) ^$f/^m;;3^f4 
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M{::*f*L<«;^ h7-rr4B«2Mm±0. 5/£m(l. S.MmUA±2. 

^ S 1 <7)±Ji:, MMM 7 t l^filliG aNJ;<9>i:-5^^!y:77^2>S:200 

A, T:/K-7"GaNJ;i9/^5TJftiil 0 3^4Mm^fig:g:$-y:, ^(^±(iS i 

X 1 0'Vcm»K-yLfcGaNJ:9?^iSn<i3>^'^ hgl 04^4. 5 
ixm> Si K>-:roi n..,Ga„.,NJ;9/jtSttira®S:. ^'7-/^m±mi0 5 

(nffl9^7 3/ KSl 0 6) 

TMG, T>'^=^T. TMA ( h ;^ f^/UT/V?: c:^ A) ^SrsSL. 10 
5 Ot:t::LTTVK«-:/A 1 o. ,.G a ,. ..Ni 2 5 A(Z>IKff-Cfi)c;B$ 

It. ^V^TTMASrIl:«>T. i/'7>';<f;^^aLL. S i Sr i X l 0 "/cm' h'-y 
L}fcnSGaNJ;*)'fe5gSr2 5A(^J®|?-e^;g$-fr5„ ^tvfjOM^^ai::]® 

1 ^^t^mim^mi^m. l< «a ug a ..xN (o <x< i ) sr^tpjs» 
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(nmt/t^^ h'mi 0 7) 

ficV^T. TMlSrSftL. 8 5 0*0-9 5 Ot:, »*L<« 

8 8 0'C-CT:^K-n no ^Ga,..NJ:U75;5igSri 0 AcO)KI?-rfig:^$-&, 
^V>TTMI SrihfcT. Ti/ K-^-Q a N J; «9 1 0 A^Mif T'^;^$-& 

^tbb<Z)^S:3SS£lC«^tTSft^^S:«|figU ij^lKI? 5 0 A- 2 5 0 0 A. 
^f*L<Ji5 0 0A~8 0 0A. ie<C»*L<li7 5 0A<?5@*&^j;t)?fe5niB!l 

(St^ 10 8) 

^V>T. TMI SrJItL, 7 5 0t:~8 5 CC. iff*L<{*8 2 OtTTi^ K— 
n„.3Gao.,N^*b/c^5*P^tr3 0 A, Tl^h'-Zfl Ro. ,G sl c. .m^h^j: 
S'^f-Vyr^Srl OA, ggV^TS 5 Ot:'>-9 5 O'C, L<«8 8 Otl-Cr:^ 
K— no. ,Gao.,N;&»P)/jjS/-^yr^^6 oA^S*-^. ::*T,S: 1 '^sr t 
LT^tf 6 -<7mm LftlSim l O 8 SrsgS 

(pfid^-r 5/^® 1 0 9) 

lki^TMl^±)t>. TMA^ijgL. 8 5 0'C-9 5 0*C, »^L<tt8 8 0'C 
■C. MgSrl X 1 0"/'cin'K-yLfcpMA 1 o.,Gao.7NJ:»3 35:5=5lr-t-y7')i 
1 0 9 «r 1 0 A«±, 0 . 1 M mUT. L< 1 0 0 AoigjffT?figft$-g:5„ 
(pfflfl3fc;(/>r Kgi 1 0) 

^V>T, TMA^rihft, TMI^»£L. 8 5 0lC~9 5 0t:, iif*L<«8 8 
CC-c. T^^K-7"I n, .Ga...Nj:«5 3!£51«rl GA©JWC^$-a:, il^ 
V^TTM I SrJfcfeT, MgSrl X 1 0"~3 X 1 0 "/an* K— T'LfcG a N J; 

fll^U «OT50A~2 500A> «^*L<tt500A-800A, 3EtJ:»* 
L<{i7 5 0A<59j@ft^J;i!J/jt5p«;5f^ KSl lO^^&^^i, 
(pffly^'7s' K®1 1 1) 
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i^^^T, TMAStMLT. 8 5 Ot;-! 0 5 0'CTT:/K-:/A 1 o...Gao., 
1 0'"~5X1 0"/cm'y-zfLrcGaN^*)t£^m^2 5A<0|^-Cfigfi$ 

Its, 'tn(b(Dm%:^mz.mmLxm^mmm^L. mm^o. 2;im-'i. 

5 u if* L < liO . 7 H m(Dmr^^ 9 pffil^' 7 1 1 1 Sr^S$ 
(pflBIa^^^ h«l 1 2) 

mmi^L. SSOt:-! 0 5 0lCT-pffli|>5'^5'KSl 1 Mg^lX 

1 0»/cm* K-T'LfcpMG aNj;«?Jfe5pim=i:/^^r i^jpi 1 2^:1 5 OA 

(Omm-V^Mi^-^^o pffi!l='V^i!!' N®}ipM<^>I nxGa.Al .-x-vN (O^X. 
O^Y. X + Y^l) ■C«^5C:i;65-C$, ^f* L< ttMg K-y^LfcG a 

N. I nGaN^j-fjbfi, pmmtmuj^L\>^:t-^ ^y^mmnmhMo =1 

1 1 2timfii«r«l^-r5®t?fe50T. 1 X 1 0^^/cm'&.±(Dm^ 

^Vrm&ti-^:zbiimi^L\,\ 1 X 1 0"/'cni«J;«JiftVNi, m«it»*L 
aN, I nGaN^t<f4, GaN, I n G a NSr-^tfjeft^t-TS ^ > 

1 0 4 <^«B5«:gW XJcij^ h ^-r :;^^^(^) y y v^^iKKSrJ^Rlt LT. n 
mMl2 1, P«tel 2 0, ^mflE^JgMl 6 4, «l9WLm«il 2 2, 123 
SrJKfifetX. u-1f*^f^«r^tS„ #e>i^S^'—^>*|f^^±, MmiK(l&$2. Ok 
A/cm', B8fii[mj9E4. 0 VC, |gMSES4 7 0 nrrKDmU^mt^^^th, 1 
0 0 OI^TO±(75|^^$r7i^Lfco *fc, ^<DU-iF^\-i. F. F. P. (Jl^JV^-C, 

immmi 2] 

pm^:»-( h'm<ommt: i o o o a ii-r^mti. mmm 1 1 1 mmi^ lx 
^m^mm(D^m^mm'ri>o m^'^xmmmi tmm^Lx. ^^^y^ycfKn^ 
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#f)ix5U'-ifig^}i, msmMiism2. okA/cm^ mmm4. ov 

■e. IS^«[:ft4 7 0 nm(^iii^|gtg:65SSS$tv, 10 0 0 I^Bgei±©#^I^Sr^ L 
■fto ^OU— tf^li, F. F. P. {ClioV^T, K'-i.?^<^c^7K¥^JpJ (x 

^ML^^^WM-ch^itiK F. f. p. ic*3V^t» xM05£S;dS"3;55Jl5< 

^fP^^ii^${cm-5^^#^4l^^b (Fig. 12) 3(^w-f*^^sr 

Fig. 12\±, =^-y^i^{m^. vM^fyzfMs v'SAfJ^Vms pMifff 
<^t?fc5o Fig. 1 2;i>^>^^/&>7»^ J;ei|c, pm;!{/^ K®JwJi<ge$*T. 
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<DZt\^. Fig. 2 0^7iK-rj;9{c, pM^I^^ h'm(D7.hy^'n^(D^tii^ 
<Z)rttcJ;i9, :^5p«^-K<Z)«i:ii«)W^(e:«#, <$*i:LT, F. F. P. 

C^lifeMl 3] . 

Fig. 1 8 {i3»=is?g(D-^ii6^»j(c#s w--r^^(^«it^;T^-rmis:ft«i*»f® 

TfcSo SAT, r®®S:SI^:^^fe«S|l3l^:ov^TUie^•t-5o 
SteifC. (0 0 0 1) cffiSrMir-rsi^77'<TS«Srffiv>fco w<Z)«f, 

T {■^m-fi^Cm. RBi> AS) Wfdl, S i C, ZnO, (MgAUO 
.) > GaAs^, l[<li4&#^fl£^l:fdte$*Sfe*|c:^3ibttTVN5, ^fkife^ 
^^£iS/i^S«■)|s^J;^)/j^5«iBIS««rfflv^5riiS-e#5„ S-fk^feJ^iSflsA^ 

(^^s/7r®i0 2) 

f£?^SSrt(z:-fe!y KL. ia^^5 0 CCClLT. h y ;^^>'U;(/y (TMG) , 
T;^^=.T (NH,) S:fflV^, GaNJ:«3/jJ$>'<y7T«S:2 0 0AOl!»?-C^ 

(TifililOa) 
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(nm=iy^^ h^l 0 4) 

{^mmi<D±\^^ 1 OSOTC-es i 5:3X1 0"/cm»K~:?'LfcGaNj;t>/ji 

(i5^^?/i5'E^ih@l 0 5) 

TMG. TMI ih]};<'^/Uyfyi^f7J^) , T:x^=TS:ffiV\ 
8 0 OlCtZlUT I no.„.Gao.,4NJ:«?/jjS^7S'^B&il:^l 0 5^:0. 1 5 n 

(n«l|^'7 5' Kgl 0 6) 

^V^T, lOSOtTTMA (hyp«^/UT/V$ = t>A) , TMG, Tl^^=. 
T§rffiv\ K-:/A 1 o...Gao..4NJ;0?i5®Sr2 5A<z>«|||[T^g$-fr, 
«fev^•CTMAS:±^^)T, '>7i^;*/:^S:ggU S i Sri x i 0 '•/cm* K-7"Lfc 
nMG a NJ: U /£5®«r2 5 Ao)BlfiCTfiK;S$-a:5„ ^H^><D®*?KSJC«JiL 
T«<#^® S:«Efe 1 . 2 /£ m(Ofi<^^ J; »> /jj^ n iUiJ' 7 10 6 

(nm^if^ KSl 0 7) 

^^^X, iyyi^^:^^st}h^ 1 0 5 owrv K-^G a NJ; t>/£5n-«ll3fe;!/ 
K» 1 0 7 Sr 1 0 0 0 A6DJR»Tj*g$-g:5„ r<?>nfll^;{;^ 1 0 7 {Cn 

(®tt^l0 8) 

Sri OOA(^M^-C^:g$-&, i^VNTI^-fflft-C, T^-K-T-I n..,Ga...N 
J: 9 >EtS#F^Sr4 0 A(^|g|J9-c^;g$-&5o l8IMt#F€i:Sr2|E|^5Hc« 
SU. ftS^»C|i»MTI^t>9. ie«U93 8 0A(OMft^#F«Jt (MQW) (Z) 

M^««^&r//x»ip^^M!KisrK-:/LT^>ai.N„ >Fi«#jn#FJi. mmmm 
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(piffil^^yT'Ml 0 9) 

JaUSrl 0 5 0*CtC±Jf, TMG, TMA, T^-^^T. Cp»Mg 
5 ('>':J'o-<yt?i^3i=/W'<e^r;^t.t:7j,) pffiB3t;t/>r K® 1 1 1 J: 9 

,G ao ,N<t <5J5:5piBS=*ri'5'y^l 0 9 ^ 3 0 0 Ac^J^ffT^^^-fr-So 
(p«!l3fe;!/>r K^l 1 0) 

<^V>TC p,Mg, TMA^lh*, 10 5 CCT^ K:^-^ 'y^3i:^A^^— 
10 iiSpffi!l=3r^5'7'gl 1 0 J;•9t>/J^$V^, T^^K— T'GaNJlU/jJSpffilDfc^^f^ K 

/gl 1 0Sr25 00AoiKffTfK^$Hi:5, 

(p<Bll:J'7?/ K^l 1 1) 

^V^T. 1 0 5 0'C-CT>'K-7'Al...,Ga....NJ:i9/jJ5JgSr2 5A©fi| 
J^Tfigft^lt, i(^V^TC paMg, TMA*±ft, Ti^ K— T'G a Ni ^ 

Sill p fflij^ 7 KS«/>/j;< A 1 ^-^t^mm^ 

20 >^LT*>av\ tJ^ V y Kg 1 1 1 tt. A I t:'^tsm.\m^Wm. L< JiA 

ixGa.-.N (o<x<i) ^^tsim=¥-ismb'r^z.bimt.\.<. 

*L<W:GaNtAl GaN^^g(gtfc«^i=-^iii:-t-So pffiSi^'^y 1 
1 l^^^^^itfcfS^litciioT. i5^7 5/K®±«iWAl®fiitSr±lf5;i 
i ;6S-Ct 5 <^)7?. :^ 7 y Kg g {^(omiSxWfh $ < t) . $ f> {Ji^-^ v K'Sf-t :^ 

(pft!!^:/^^^^ hgi 1 2) 

10 5 O'C'C. pffii^ 7 Kg 1 1 1 p±le:, Mg Sri X 1 0 "/cm» 
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^•^^o pm=iy-i^^ hmnpm(Dl n,A\rGa,.^.,l^ (O^X, O^Y. X+Y 

mmi 2o^:ifct»^ u>^-$s'^^is#b*i.5o =^y^^ hmi 1 2ttn. 

fii«:3#^'rseT&5<0-e. 1X10 ' Vcn'iJil±<7)iil^rr P TMi-TSi i 
(R*S1t>r::i-:^3iiyf^^'^) Srfflv>s i c 1 ijais/^vt/U Fig. 

I g. 1 9 Ajw^fj: 5 Mc±m(Dpm=iy^i^ hmii 2<D\m'^mic, p 

VD^SlrJ:!), S iSlfl:*^ (ii;LT. SiO.) XV)f£?imi<D^mmi 6 

m, ^$1 ;im-e?B^j«-r5„ r^-c. mi©fiiaiiKi 6 in. mz.immmt> 

tt:7 5/igS:ij*L<fflt\ ^:<^)fc*7 saggiest LTffit«?L-^V>«-)(S|.tLT. S 

SClJls Fig. 1 9BJC^J:5{^|g3(^fiiS|Jgl 6 3?^fife^. RIE 
^*i'^^^5'^^^50 ^gf^JiO, CF,;tf;^=|rfflv>. ^ 3 <o^il^ i 6 3 §r-r 
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sbid. Fig. 1 9Diz.7^i-x^iz, ^hy^yi^(Dmi(o^m^i 6im 

5 ^ft^. MR I E{;iJ:i9 s i c 1 ,:<f;^Srfflv^T, pfflS=i>'^^ i i 2, *J 

>f h^mo^z^ry^y^^titcmiii (^mm^^^(omm) izisn^mmni^io o o a 
y hy^-rm^m. '>:>^—^^^pvDmmiz.^^L. Fig. i seic 

V, zr, Nb, Hf, Teii:^tii^mii^hW^^f\.1t/}f'fi<b^-'m(07tm^ 
15 -^tfSlik^j, s i N. BN, s i Ai N(^>rt©/>;ii< it>— g-ej^^-rsr 

LV\ C:*L?><75*t^SHi7 LT t>^/>^f|?i-514®SrW LTV ^6 t> 

S*^LfeH^7C^<^PVD, CVTtKii^mm. BN, S i C, A 1 N«S i 

Fig. i9E\z.7frri:o\z7.hy>(:mi&^(Dmw. ^<D:^hy^-:^ 
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Fig. 1 9 F \z.7fi-rx 0 ^m\z.^ LT)|g^;iS*&-/j;m 2 w^feSliK 1 6 2 

3 0 0'CJ!Ji±, L< tt4 0 0*C£t±, S4b«52|^^<i|C05W»iaafe*T (12 0 

-'^^7^>'^i^SltL, F i g. 1 9 F^^:^•t-J:5{^:^ Mio^Sil 
UictiiFig. 1 9G(^^i-J;9^^:^ vU^'V^ VMl l 2<D±.<o%lo>^ 
Sp«fiil 20^S:?^fiH-So ffl.Lpm<il 2 Otti o O/im©:^ hy^z^mt L 

n*)mLWSi:lStif^1tibmm(omm^'^:^^ L. S i o,i:T i o,J:«9/i-5^ 
6 4 5riJ:ttfcft. p, nmfii±i;iN i -T i -Au (lOOOA- 
1 000 A- 8000 A) J:t);2c5«i!9it|L (^^*s/ h) 2 2, 1 2 3^^ 

-4^{-^BiL> ^mm ( (11-0 0) 0a, ?^^^^(o{B!)®{c^a^-r5ffi=M 

^x-f^iJ^LT. ^^W4 0 0-4 2 0 n 
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m^mLtu mz, u-if5fc©F. F. P. mittitt:i6. m:»\invi 

nm^:*f^ h'm(Dfmti^ 2000 at^s ^ t ^m^x. mmm istmm 

0$ii#{^M;i4^^«9. F. F. P. (Dx:^mt. 14° -C. TP^^i^ hitt±2 
Xh^iK itf&m7{ztt^xizmi!Lf^±LX^>^^t<oxib^, Tt.^^ h«:;dS2. 

[Illfe«ari 5] 

pm^if-f KeoWffilSr. 3 0 0 0 A, ^ffig|5Et^(^^«{j:j3it5JKJ?;ds i o 

0 0 A. •r^£t>h=^^y^yv^pmyt:ff-f m(D!mt^i o o o Atf^^^m^x 

^Jfi^lli 3|;::Jt'<T, mmmi^mtiti^-^mm^ii. F. F. p. Ox 
;fr|fij©K'-A(^)jAiSij«, 18° xh^. 7:^-<^ hitiii. 4i:mm\:i-b6^ 

^i><Dxhoti„ MjJi, pm!ft:ff-c h'm(Dmm^3 5 o o a^ lt, pm^P-{ 
K^o^ttjspoigi^?r2 5ooA (mm:k^(Dmm<Dmm^ 1 0 0 0 A) 

#EtpW^;«f'i' Kji©liSJI|[(^>^»;}J, 5 0 0 0 ASrje;tn:r t i^X^f^WtBiyti 
[^iS^^i 6] 
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F. F. P. C0T;^-<^ htfc«2i. mmmi 3\Ckt^X^i>i><7)-^h'otCo t. 

h7^:/l®t±2/im±0. 5Mm (1. 5ixtnU±2. 5 m mJBtT) t^fSffl 
[*lififi«ll 7] 

«r2 0 0A, r^'K-T'GaNiO^^jJST^^l 0 3^4AxmSrfie;g$-ti:, ^(D 
±|CS i ilrl X 1 0-/cin»K-rLfcGaNj;i9/j:5n(l8l=»:/^^' h^l 0 4 
^4. S^m, S i K-:/(^l n,.3Ga„ ,NJ;i9;fe5tfira®l 0 5Sr;«S$* 

(nfflj^^y KSl 0 6) 

TMG. T:/^riT. TMA ( h U ^ 9^7UT/P 5 ::i A) ^^U 10 
5 OX^lZLXryF-yA 1 o...Gao...N j;«3/jj6g^Sr2 5A©IK^T?figS$ 
•^t. ^i/^TTMASrJtfeT, i/7>':<f>^Sr»6U S i S:i x l o "/cid» K-:/ 
Lfc nMG a N J: ij S: 2 5 A®)^T^fi$-&5„ ^tL?,<0®«r5!5:{igf 
®LTSft^^®;SrW^L, l^ffO. 2Mni~l. 5 m, L< «0. 7 fi 

I ^^tP^fbi^^Wflc^, $f^L<ttAlxGa.-xN (0<X<1) *^tfjS^& 
^^«ii^-r5;ii:dJSi*L<. $fjl^:iff*L<ttGaNi:AlGaNi2rajgL 

(n«;(f>f Kgl 0 7) 
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^V^TTM I ^JhfcT. TV K-:?"G a N J; «J $r i o AoDj^Tfifeft^-fr 
So ^i^P^©S«r^^^i^:S{@LTSft^®Sr«figU ^J¥5 o A'-2 5 o o A. 

^f* L< fiS 0 0 A-8 0 OA. mzn^L<m 5 0A(Dimf-Ji*)^£^nm 
(fl&M 10 8) 

^V>T, TMI^ggU, 7 5 0^^8 5 0^, L < tt8 2 O'CeTV K- 
^•1 no..Ga„..N^^^/£5#Fii^3 0A, T^K-^-I n,.,G a o. ,N;0*P,«; 
5dF-\r5'::^®S:l OA, i^V>T8 5 Ot-9 5 O'C, L< 1*8 8 O'C'CT^' 
K— I no.,Ga„..N;6>f)/i5y<!;TSS:6 0 Afieft^-fr, rixSrl^T^ 
LT^t|-6-«TSf® L/c®i4® 1 0 8 <^fiKft$ii:So 
(pfiltfdfir-^t?"^ ! 0 9) 

J^:JCTMl2:itfc, TMASrMU 8 5 0"C~9 5 0"C, »*L<«8 8 0'C 
t?, MgSrl X 1 0"/ciii»K-7'Li'tpSA l„.,Gao.,NJ;«J«J5^rs/::^Ji 
1 0 9Srl 0AJet±, 0. 1 /i/m£tT, »*L<«1 0 oAo^m-CfieS^-tirSo 
(pffill^tjef'f Kjgl 1 0) 

Ml/^X. TMA$:ihS!), TMlSrjfeL, 8 5 0T:~9 5 0t;, $fSL<«8 8 
0t:T, no.,Gao..NJ:i9/ji5^Srl OA(DMIfL-^fieS$-yr. 

V^TTMI ^JfcfeT. MgSrl X 1 0 "-3 X 1 0 ■•/cm* K-:/ L/cG a N J; 

^iSL, ^J!II?:50A~2 50 0 A, if*L<»t500A~800A, IK^iff:^ 
(p{l!l^7 5' K® 1 1 1) 

«gV>T, TMASrJKL-C, 8 sot:-! 0 5 0'CTT>'K-7'A 1 . ..Gao.. 
«NJ:i3/j;5«S:2 sAoBiJ^-e^S^^t, iB6v^TTMA4:J[ti?>T, Mg^sx 
1 0"~5X 1 0"/cm»K-:/LfcGaN<t9Jfc5®«r2 5A(Z)|g||?-CfigS$ 

5 M m. if * L< »iO . In mOilS^^^ji 0 *5 p<M^ 7 y KJi 1 1 1 SrfifeS^ 
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(plM^i^^^ h^l 1 2) 

&m^. 8 5 Ot:~l 0 5 0t:-Cp{Mi5'7 5/K^l 1 0<D±lZ.^ Mg^rl X 
1 0"/ciD>K'-7°LfcpSGaNJ:?l/j;6pffl!|3:/^i5' h^l 1 2^1 SOah 
:^i5r;;^ hP-Ac^W-Cfig^J-lirSo pffiJai^^iJr h»»ipS!05 I nxG a»A 1 
-x-rN (O^X. O^Y. X+Y^l) •e«fife-r5r^:6ST?#, »*L<liM 
gSrK-rLfcGaN, I nOaNi-t-ixf^, pm<®iifct)$f^ U>;*— ^ s/i? 
g!«dS^f>HSo =>'^:?' F«l 1 2{im<S«:^fiH-S^-C$>5<?5-e. 1X1 
0^'/cm'U±<Dm^-YVTm&t'r^^i:tm^L\>\ l Xl 0-/cm»J;9(S 

^iJ' hSOlifig«:GaN, I nG a N«L< J*. G a N. I n G a NSr^tfiSI* 

«ii2i, p mm 1 2 0, mmi^^mm 1 6 4, Wi*}m\.mmi 2 2, i2 3Sr 

/cm'. BI«[«E4. 0 VT, 8 0 n m(7)igi(^^^;dS«i^$tb, 1 0 

0 ommsx±(Dm^^^Lrc^ ^tz, ^(Du—^ytit. f. f. p. {^:*3V^T, 

p m^^^ m(Dmm^ 2000 a <!r i-5<iiL»i> 1 7 ^ i^^tc l-c 

if^^^flljgt^^S^Sr^M-rSo i^v^T|llfe^Jl 3i:l^«tJ:LX, 3i5,^:^^{::j; 
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mm&4 7 0 n m(7)m{mMt^im^ti. 1 0 0 ofi^msi±<om^i:7^ l^o 

^(DU—^mX F. F. P. {Ci3V>T. t~A?f^<^(^;k¥:^J&J (x^ 
[lfc®«»|7] 

<7)l6SLtv^S«E-cfeofc;i^ F. F. p. J^:*J^^T, xij^<Dmifiy)ifm< 

















Si (1 X 10" /erf) K-7'(^>GaN lg^4. Sum 




Si K— :/<Z)IiVo8KmN Ig^O. I5Mm 
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T >- K-ycOAl^ ,gGa„ 25 A ^ Si (1 X 10" /citf) K— 

Si K-:^^GaN(^|S|Mg (B) , ry K— :^<Z)Ino jGao^gN 
40 A(^#P jf (W) ?r , (B) - (W) - (B) - (W) - (B) - (W) - (B) <D 

Alo.,cGao.«N 25AirMg(lXlO»'' /erf) K-r(7)GaN 25 
Mg(l X 10^0 /erf) K— :/<?3GaN 



(niRliJ' ^ K®-fS14®— piWm 1 7 Kl- pffl!lM2 ^ ^ y KS) 

hMS:«ttt$*, Zfi^(D=jy^ir hm\^p, nlifiiSrJg^LT. Fig. 

^ ri^^ ,b LTfi. p {mm 2 ^ 5/ KloMIP^J 0. l/xm^/^5^g<J;9 

^ p>i^5 1-— If 1 tz:it'<T, m&mMi>^ i o ~ 2 o m AmS(& 





*2 








Si (1 X 10'* /erf) K— yc7)GaN f^4. 5/i m 




Si K— 7"roino.o8Ga^„N )ii||tO. 15 /xm 




TV K— :?'60Al^„Gao„N 25 A i; Si (1 X 10" /erf) K— 
y°(DGaN 25 A t Sr^Stcag tmmi. 2(im 




Si K-y©GaN(0|E||g^(B), Si (5X10" /erf) K~:^ 
(^IiV,.,Gao7J 40A<^#F^(W)Sr, (B)-W-(B)-(W)- 

(b)-(w)-(d)<d«hj:«sl. mmm<ofmttsc±mt 
Scrm-^nsooAtu -^rttei^msoAi-rs tse^ 

1?1020A 
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KS) 

i^^'^ hMSrSrW^-ti:. rtbt>(Z)=3>'^5r-^ h»{Cp, nm«iSr?^figLT. Fig, 

«3 









Si (1 X lO" /cirf) K-7'OGaN JBII?4. 5 m m 




Si K— :^LfcIn, o6Gao ,„N 1^0. 




K— :r<?3GaN I^J?0.2Mm 




SiK— >^<DGaN lOOAcOjEtMMCB), Si^SrSXlO'" /cm' 




K--^LfcIiv,,,Ga^3N 40A0?#FM(W)S:. (B)-(W)- 




(B)-(W)-(B)-(W)-(B)<0«ili3KJg Wm^A2Qk 


pm%is>( Kg 


Msr (5 X lO'^) K-7'«^GaN IKJ^O. 2 m 



Mg(lX10«' /erf) K~7'<OAlo.,Gao.,N I^IOOA 
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